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1.0 INTRODUCTION 

This appendix describes the cone penetration test (CPT) equipment, procedures and 

results conducted by Fugro West, Inc., (Fugro) for the tunnel segment of the Silicon Valley 

Rapid Transit (SVRT) Project.  The CPTs were conducted at locations situated along the tunnel 

segment alignment of the SVRT Project, as shown on Figure A8-1.  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the SVRT 

Project in San Jose, California.  This will be a 26.2-km (16.3-mile) extension of the Bay Area 

Rapid Transit (BART) heavy rail rapid transit system from its planned terminus at the end of the 

Warms Springs Extension in Fremont, to San Jose.  The proposed alignment currently includes 

six stations (three above-grade and three below-grade), a proposed future station, and vehicle 

storage and maintenance facilities.  The alignment is composed of two major segments;  

1) A line segment which will be approximately 11.5 miles of at-grade, elevated and cut-

and-cover track from Warm Springs to San Jose; and 

2) A 5.1-mile-long tunnel segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (see Figure A8-1) 

As currently planned, the tunnel segment includes at-grade and open cut track, three (3) 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and cover 

stations and the crossover structures have a cumulative length of approximately 4970 feet.  The 

remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long tunnel segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) are providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the SVRT Project to the VTA.  HMM/Bechtel has subcontracted with a 

number of companies to conduct the geotechnical field exploration program for the project.  

HMM/Bechtel’s primary subcontractors for the geotechnical exploration program included: Fugro 

West, Inc., (Fugro), Parikh Consultants (Parikh) and Pitcher Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher, conducted the majority of the 

geotechnical field exploration program for the tunnel segments of the SVRT Project from 

October 15, 2004, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that would aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  

In general, the geotechnical field investigations explored subsurface conditions along the 

proposed tunnel alignment, within the vicinity of the proposed Eastern and Western Portals, at 
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the two proposed ventilation structures, and at the proposed stations including Alum Rock 

Station, Downtown San Jose Station, and Diridon/Arena Station.  The geotechnical exploration 

program included: 

• 76 Rotary Wash Borings, and 

• 146 cone penetration tests (CPTS). 

Figure A8-1 provides a map of the exploration locations.  These locations were selected 

by HMM/Bechtel based on the following considerations: 1) the requirements of the tunnel 

designer, 2) the location of existing geotechnical data, 3) the voidance of private property, and 

4) the voidance of existing underground and overhead utilities.  For CPT correlation purposes 

approximately 16 sets of borings and CPTs were conducted within 15 feet of each other.  The 

CPT locations were surveyed by a subcontractor to HMM/Bechtel and the surveyed coordinates 

were provided to Fugro by HMM/Bechtel. 

1.3 CPT PROGRAM OVERVIEW 

Fugro West, Inc., and Fugro Geosciences, Inc., conducted the CPTs using a Fugro 

truck-mounted 25-ton cone apparatus in general accordance with ASTM D5778.  The 

continuous CPT soundings were typically advanced to refusal, which ranged from approximately 

42 to 158 feet in depth.  In addition to continuous CPT soundings, Fugro also conducted 

dissipation tests, downhole seismic shear wave velocity measurements, and hydropunch water 

sampling.  Dissipation tests were conducted at twenty-seven (27) CPT locations in order to 

monitor excess pore pressure dissipation in sands and clays.  Detailed procedures, equipment 

specifications and interpretation of results for the dissipation testing are provided in Appendix 

11, dissipation testing.  Downhole Seismic shear (S) wave velocity measurements were 

successfully conducted at six (6) CPT locations to obtain profiles of shear wave velocity versus 

depth.  Detailed information regarding the downhole seismic cone penetration tests including 

field procedures, data interpretation, and results are discussed in “Appendix 9 - Seismic Cone 

Testing.”  Hydropunch water sampling was conducted at one (1) CPT location in order to collect 

groundwater for laboratory testing.  Detailed information regarding the field procedures and 

equipment specifications for the hydropunch water sampling are provided in Appendix 10, 

Hydropunch Testing. 

Detailed procedures and equipment specifications on the CPT operations are discussed 

in the following sections.   

1.4 CPT TEST PROGRAM OVERVIEW 

Prior to initiation of the fieldwork the appropriate permits were obtained from the Santa 

Clara Valley District and City of San Jose.  Cone penetration testing was generally conducted 

every 200 to 300 feet along the tunnel sections of the alignment, and approximately every 50 to 

100 feet at the proposed station and crossover locations.  In addition, locations were 

strategically placed as close as possible to water crossing locations including Los Gatos Creek, 

Guadalupe River, Lower Silver Creek, and Coyote Creek.  Table 1 summarizes the CPT field 
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testing program and indicates the test location, date completed, termination depth, and 

additional testing of each CPT conducted. 

2.0 CPT TEST EQUIPMENT AND PROCEDURES 

2.1 CPT EQUIPMENT 

Equipment utilized in conducting CPTs include:  

• A self-contained 25-ton CPT rig that contains the hydraulic pushing system, a power 

supply unit and other tools, equipment and necessary materials; 

• A piezocone (CPTu) to measure tip and sleeve resistances, probe inclination and 

dynamic pore pressure; 

• Cone rods with pre-strung electrical 10-pin copper cable and casing; 

• A data acquisition system including the Analog-Digital (A/D) Conversion System and 

a data logging laptop computer; and 

• A Support truck and trailer containing grout pump and mixer, steam cleaning 

operation, pressure washer. 

2.1.1 CPT Rig 

The CPT’s were performed using an International 25-ton capacity truck mounted rig with 

a self-contained power supply unit.  The rig was equipped with hydraulic jacking systems to lift 

and level the pushing platform.  The “dead weight” of the rig provided the reaction weight 

necessary for advancing the CPT tools. 

2.1.2 Piezocone  

The conventional instrumented piezocone assembly used for this project includes a cone 

tip with a 60-degree apex and a base area of 15 square centimeters (cm2), a sleeve segment 

with a surface area of 200 cm2, an area ratio of 0.59, and a pore pressure transducer near the 

base (shoulder) of the cone tip (designated the u2 location).  

2.1.3 Cone Rods and Casing 

Fugro’s CPT cone rods are manufactured from high tensile strength steel and have a 

cross sectional area adequate to sustain, without buckling, the thrust required to advance the 

penetrometer tip. Prior to testing, a 10-pin electrical cable is pre-strung through the cone rods, 

and is connected by a crossover cable to the data acquisition system.  Push rods are 1 meter in 

length, and must be secured together to bear against one another at the joints to form a rigid-

jointed string.  

The push rods were protected from bending by 21/8-inch outside diameter and 17/8-inch 

inside diameter steel casing when needed.  The casing was used to ensure that the maximum 
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possible depth of testing was reached.  The steel casing was generally placed in the upper 

clayey strata and was generally extended to depths of 20 to 75 feet, when used.  

2.1.4 Data Acquisition System 

The data acquisition system utilized in conducting the CPTs consisted of an electronic 

signal conditioner, a three-pen analog strip chart recorder, a portable laptop computer, and a 

printer.   

The data acquisition system converted the analog signal from the cone penetrometer to 

a digital signal, which was monitored, recorded and presented in near-real time on the laptop 

computer.  As stipulated in ASTM D-5778-95, a three-pen strip chart recorder monitors and 

displays in real time the analog signals directly from the cone penetrometer.  This provides an 

accurate recording of the collected data, regardless of the analog to digital conversion.  Upon 

completion of testing, the strip chart record of the analog readings is compared to the digital 

readings recorded on the laptop computer.  This comparison of analog to digital signals 

provides a quality control system that ensures accurate and highly reliable data including the 

initial and final calibration zeros.   

2.1.5 Support Equipment 

The support equipment consisted of a pickup truck/trailer operation containing the 

following necessities: 

• Grout pump and mixer to properly abandoned CPT holes after completion; 

• Pressure wash system for cleaning work area when appropriate and maintaining 

clean equipment throughout field program; 

• Steam cleaning system for environmental protocol if needed; and 

• Storing tools and supplies for daily operations. 

2.2 FIELD PROCEDURES 

Prior to the start of testing, the truck is jacked up and leveled on four pads to provide a 

stable reaction for the cone thrust.  During the test, the instrumented cone is hydraulically 

pushed into the ground at a rate of about 2 centimeters per second (cm/s), and readings of cone 

tip resistance, sleeve friction, and pore pressure are digitally recorded every second.  As the 

cone advances, additional cone rods are added such that a "string" of rods continuously 

advances through the soil.  As the test progresses, the CPT operator monitors the cone 

resistance and its deviation from vertical alignment. 

Information collected during a push was stored digitally as ASCII formatted data on 

magnetic disks readable by MS-DOS or Windows-based programs that read text files. The data 

files include project description and location, operator, data format information, and other 

pertinent information about the sounding. 
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Following each push, the data collected was presented in a graphical format.  The 

preliminary field log included: 

• Cone tip resistance plot in tons/ft2 (tsf) versus depth in feet; 

• Friction sleeve resistance plot in tons/ft2 (tsf) versus depth in feet; 

• Friction ratio plot in percentage versus depth in feet; and 

• Pore pressure in tons/ ft2 (tst) versus depth in feet. 

As stipulated in the ASTM standard, the vertical axis is designated for the depth, while 

the horizontal axis displays the magnitude of the test values recorded. Final plotting scales are 

determined after all the tests are completed, and takes into consideration maximum test values 

and depths recorded for the project. 

2.3 CPT COMPLETION AND ABANDONMENT 

Upon completion of the CPTs, the CPT rig was moved off location.  The holes were then 

backfilled with cement-bentonite grout by the tremie method, starting from the bottom of the hole 

and filling upward using the grout pump and mixer.  When grout approached the surface, the 

tremie pipe was removed, and the sounding holes were topped off with rapid setting quickcrete. 

Grout mix and grouting procedures were completed in accordance with Santa Clara Valley 

Water District regulations.   The work area was the cleaned per City of San Jose requirements 

and left in the condition found.    

3.0 CPT SOUNDING RESULTS AND DISCUSSION 

3.1 INTRODUCTION 

CPT sounding logs for the 146 CPTs are attached following the figures.  The CPT logs 

provide graphical plots versus depth showing: 

• Measured Cone (Tip) resistance in tsf; 

• Measured Sleeve friction in tsf; 

• Friction Ratio in percentage, including color coding denominating the Soil Behavior 

Type according to Robertson, 1990 (see CPT correlation chart); 

• Measured Pore Pressure in tsf at the u2 location; 

• Estimated Soil Undrained Shear Strength in ksf. The sounding logs show the range 

of undrained shear strengths calculated from CPT cone tip resistances (corrected for 

unequal end area effects) based on cone bearing capacity factors (Nk) of 12 and 15.  

Please note that some of the data presented on the CPT logs is interpreted and based 

on assumptions that need to be verified with the data from the boring program.  The interpreted 

data presented on the CPT logs includes the soil behavior type; and the estimated soil 

undrained shear strength.  The estimated undrained shear strength and are influenced by the 
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soil unit weight (and resulting total stress condition), and the Nk-value. These items will be 

discussed in additional detail below.  

 

3.2 EVALUATION OF UNDRAINED SHEAR STRENGTH FROM CPT DATA 

Undrained shear strength has been estimated from the CPT measurements using the 

following expression: 

k

vot
u N

qS σ−
=  

where: Su = Undrained shear strength, ksf 

 qt = Cone tip resistance in ksf corrected for unequal end area effects,  

as follows: 

)1(2 auqq ct −+=  

where: qc =   measured cone tip resistance (ksf) 

 u2 = measured pore pressure acting behind the cone 

 a = cone area ratio (0.59) 

 σvo = Estimated in situ total vertical stress, ksf 

 Nk = Empirical cone bearing factor 

The in situ total stress (σvo) and the cone bearing factor (Nk) need to be determined in 

order to estimate the undrained shear strength using the above relationship.  The following 

discussion will summarize the approaches used to reasonably estimate/evaluate those 

quantities.   

3.2.1 Evaluation of Cone Bearing Factor (Nk) 

A range of interpreted undrained shear strength (Su) from CPT tip resistances for 

empirical cone bearing factor (Nk) ranging from 12 to 15, are plotted on the CPT logs.  The 

range of selected Nk values was based on a comparison of Su estimated from the CPT tip 

resistance and the Su determined from vane shear testing in the borings.  

For this Nk evaluation, all the boring vane shear data were plotted versus depth along 

with the Su data from the nearest 1 to 2 CPTs, for a range of Nk values.  However, the vane 

shear Su data that exceeded the capacity of the vane shear device (typically about 2.1 kips per 

square foot) were neglected in the evaluation.  Examples of the plotted profiles are shown on 
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attached Figures A8-2a and A8-2b. These figures compare CPT and vane shear Su data for 

CPT-42 and BH-23, and CPT-96 and BH-50, respectively. 

From this evaluation it is appears that an Nk value of about 12 is appropriate for the 

overconsolidated clayey soils encountered in project area.  Therefore, the selected Nk range (12 

to 15) shown on the CPT logs represents a reasonable to slightly conservative (low) estimate of 

undrained shear strength when compared to the available vane shear data from the borings.  It 

should be noted that this comparison is based on relatively few data points in any given boring. 

This is particularly true when the undrained shear strength data that exceeded the capacity of 

the vane shear device are removed from the evaluation (this leaves a total of approximately 40 

comparable data points out of the approximately 80 reported vane shear tests).   

3.2.2 Estimation of Total In Situ Stress From CPT Data 

In addition to determining an appropriate range of Nk to estimate the undrained shear 

strength from the CPT, a reasonable estimate of the in situ total stress is required.  To develop 

reasonable estimates of total stress, we developed and used a site-specific CPT correlation with 

unit weight.  The basic approach to developing the site-specific correlation was to compare 

measured unit weight from all correlation borings (borings that were located directly adjacent to 

a CPT) with the CPT zone as determined from the Robertson et al. (1986) soil behavior chart.  

The unit weight data were then sorted by zone and then averaged to determine a reasonable 

estimate of unit weight for each zone on the chart.  For CPT zones where no laboratory data 

were available, the zone was assigned a unit weight based on modified estimates of the unit 

weight correlations provided in Lunne et al. (1997).  The following table provides a summary of 

the site-specific unit weight correlations for each zone of the Robertson et al. (19986) CPT tip 

resistance-based chart. 

Table A8-2.  Summary of Site-Specific Unit Weight-CPT Correlations 

Zone Number 
Material Description 

 

Site-Specific  

Unit Weight Correlation 

(lbs/ft
3
) 

1 Sensitive fine grained 115 

2 Organic material 85 

3 Clay 122 

4 Silty clay to clay 124 

5 Clayey silt to silty clay 124 

6 Sandy silty to clayey silt 126 

7 Silty sand to sandy silt 127 

8 Sand to silty sand 127 

9 Sand 130 

10 Gravelly sand to sand 135 

11 Very stiff fine grained  127 

12 Sand to clayey sand 127 

Note:  Zone number and material description are based on Robertson et al. (1986) proposed soil behavior 

classification system (tip resistance and friction ratio). 
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The unit weight correlations above were used to develop a unit weight profile for each 

CPT from which the total stress profile was developed. To verify the above unit weight 

correlation and confirm that those values resulted in reasonable estimates of total stress, unit 

weight and total stress profiles were developed for correlation borings BH-8, 12, 31, 35, and 77.  

The correlations were based on the available unit weight test data and were compared with the 

adjacent CPT profiles estimated using the above correlation shown in Table 2.  The difference 

between the two total stress profiles was typically less than about 2 percent.  Examples of the 

plotted total stress profiles are shown on attached Figures A8-3a and A8-3b. These figures 

compare CPT and Boring total stress profiles for CPT-23 and BH-12, and CPT-134 and BH-77, 

respectively. 

4.0 LIMITATIONS 

Our services consist of subsurface field explorations and data evaluations that are made 

in accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 

The data provided in this appendix is based on the subsurface explorations conducted 

for this study. These explorations indicate subsurface conditions only at specific locations and 

times, and only to the depths penetrated.  Variations may exist and conditions not observed or 

described in this report could be encountered during construction.  Our results are based on our 

standard practices and specific data obtained.   

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 

in this appendix are modified or verified in writing. Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 

of information supplied by others, nor accept consequences for unconsulted use of segregated 

portions of this report. 

 
5.0 REFERENCES 

Lunne, Robertson & Powell (1997), Cone Penetration Testing in Geotechnical Practice, Blackie 

Academic & Professional, London, UK. 

Robertson, P.K., Campanella, R.G., Gillespie, D. and Greig, J. (1986), “Use of Piezocone Data,” 

Proceedings of the ASCE Specially Conference In Situ 1986: Use of In Situ Tests in 
Geotechnical Engineering, Blacksburg, pp.1263-80. 

Robertson, P.K., (1990), “Soil Classification using the Cone Penetration Test,” Canadian 
Geotechnical Journal, 27 

 



 

 
 

TABLE



 



 



 



 



 

 
 

FIGURES



!A!A
!A!A!A!A

!A

!A!A!A!A!A!A!A!A!A!A!A!A !A

#

#

######

#

#############
#

#
#
####

##
###

#####
#

#

#
##

#

##
#

!A#
#
#

!A
#

##!A

!A
#!A#

!A#
!A

#
#!A

#!A#
#!A#

#!A#
#!A#

#

#!A

#
!A

!A
!A !A#

#
#

!A

!A

#

!A

#

!A

#

#

!A

#
#

#

!A#
!A

!A

#

##!A

#
#!A#

#
#!A# !A#

#
!A#!A#!A

!A#
#!A## !A

##
!A#!A!A

#
!A#

#

#

!A
#

#

!A

#
#

!A#
#

# !A

!A#

#

#

!A
#

#
!A

#

#
!A

#

#

#
!A

#

!A
#

#

!A

#
#

!A
#

#

!A#

#

!A

!A
!A ##

#
# ##

#

#

!A

!A

!A!A

!A

!A

!A

#

#

!A!A

#

!A

!A

!A

!A

##

#

#

#

A
L
U

M
 R

O
C

K
 S

T
A

T
IO

N

DOWNTOWN SAN JOSE STATION

T
U

N
N

E
L

 S
E

G
M

E
N

T
A

L
U

M
 R

O
C

K
 S

T
A

T
IO

N

C
O

Y
O

T
E

 C
R

E
E

K

L
O

S
 G

A
T
O

S
 C

R
E

E
K

G
U

A
D

A
L

U
P

E
 R

IV
E

R

LOWER SILVER CREEK

WEST PORTAL

DIRIDON/ARENA STATION

DOWNTOWN SAN JOSE STATION

ALUM ROCK STATION

EAST PORTAL
C

P
T
-5

5
A

C
P

T
-9

5

H
P

-1

BH-49

CPT-157

BH-80

BH-79

B
H

-3
0

ST-13

ST-12

S
T
-1

1

S
T
-1

0

B
H

-3
1

S
T
-5

S
T
-4

ST-3

ST-2

ST-1

BH-78

BH-48

BH-47

BH-46

BH-45

BH-43

BH-42

BH-41

BH-40

BH-39

BH-38

BH-37

B
H

-3
6

B
H

-2
0

B
H

-1
9

B
H

-1
8

B
H

-1
7

B
H

-1
6

B
H

-1
5

B
H

-1
4

B
H

-1
3

B
H

-1
2

B
H

-1
1

B
H

-1
0

B
H

-0
9

BH-08

BH-07

BH-06

BH-05

BH-04

BH-03

BH-02

BH-01

B
H

-2
9

S
T
-9

B
H

-3
2

B
H

-3
3

B
H

-3
4

B
H

-3
5

B
H

-7
6

B
H

-7
5

B
H

-7
4

B
H

-7
3

BH-63

BH-62 BH-61

BH-60

BH-59

BH-58

BH-57

BH-56

BH-44

B
H

-2
8 B

H
-2

1

CPT-85

C
P

T
-3

7
C

P
T
-3

6

C
P

T
-2

9

C
P

T
-3

4

C
P

T
-1

9

C
P

T
-3

9

CPT-93

CPT-92

CPT-91
CPT-90

CPT-89 CPT-88

CPT-87
CPT-86

CPT-84

CPT-83CPT-82

CPT-80

CPT-79
CPT-78

CPT-77CPT-76

CPT-75
CPT-74

CPT-73

CPT-70
CPT-69CPT-68

CPT-67

CPT-66

CPT-65

C
P

T
-6

4
C

P
T
-6

3
C

P
T
-6

2

C
P

T
-5

3

C
P

T
-3

8

C
P

T
-3

5

C
P

T
-3

3

C
P

T
-3

0

C
P

T
-3

2

C
P

T
-2

8
C

P
T
-2

7

C
P

T
-2

6

C
P

T
-2

3

C
P

T
-2

2

C
P

T
-2

1
C

P
T
-2

0

C
P

T
-1

8
C

P
T
-1

7
C

P
T
-1

6

CPT-14

CPT-13

CPT-12
CPT-11

CPT-10

CPT-09

CPT-08

CPT-07

CPT-06

CPT-05

CPT-04

CPT-03

C
P

T
-5

5

C
P

T
-5

6

C
P

T
-6

0C
P

T
-6

1

CPT-81

C
P

T
-5

2

C
P

T
-2

5

C
P

T
-2

4

CPT-02

CPT-01

CPT-156

C
P

T
-1

5
4

C
P

T
-1

5
3

C
P

T
-1

5
2

C
P

T
-1

4
6

CPT-124

CPT-122
CPT-123

CPT-120

CPT-118

CPT-114

CPT-112

CPT-110

CPT-109 CPT-108

CPT-107

CPT-111

C
P

T
-3

1

C
P

T
-5

7

C
P

T
-1

5

C
P

T
-1

5
0

C
P

T
-1

4
8

CPT-117

CPT-113

C
P

T
-1

4
7

C
P

T
-1

4
9

C
P

T
-1

5
1

1
s
t

4
th

5
t h

7
th

101

6
th

9
th

8
th

2
n

d

Taylor

1
0

th

3
rd

8
7

1
7

t h

1
3

t h

1
2

t h

1
1

th

1
5

th

1
6

t h

Hedding

1
8

th

1
9

t h

880

Mission

2
0

th

Santa Clara

Empire

1
4

th

Jackson

E
lm

S
to

c
k
to

n

C
olem

an

2
6
th

M
abury

2
8
th

Saint John

M
a
rke

t

S
p
rin

g

2
4
th

Julian

W
a
ln

u
t

Washington

G
u
a
d
a
lu

p
e

2
1

s
t

2
7
th

Emory

A
u
tu

m
n

2
5

th

Villa

Lenzen

M
o
rr

is
o
n

Vestal

Bassett

Younger

C
h
e
s
tn

u
t

Post

Berryessa

S
u
n
o
l

Airport

Asbury

R
e

g
e

n
t

University

B
u
sh

A
n

ita

M
il le

r

The Alameda

M
o
n
tg

o
m

e
ry

K
e
e
b
le

Schiele

C
le

a
ve

s

R
i v

e
r

Bayshore

W
h
ite

E
a

s
t

San Fernando

M
y
rtle

Pershing

Fox

W
e

s
t

Seymour

A
tla

s

E
g
g
o

Shortridge

O
a
k
la

n
dNewhall

2
3

rd

3
0
th

Ire
n
e

V
e
n

d
o
m

e

George

Tim
othy

Horning

C
a
h
ill

2
2

n
d

Hamline
M

a
rb

u
rg

S
a
n

 P
e

d
ro

Ayer

A
lm

a
d
e
n

W
ils

o
n

L
a

u
re

l

Madera

W
o
o

s
te

r

Hobson

R
u
ff

Saint James

R
a
ce

Clayton

R
a
in

ie
r

Ryland

Hensley

Harding

Park

Devine

Cinnabar

Bulldog

Hawthorne

Rankin

Tripp

P
le

a
s
a

n
t

Kinney

M
o
n

fe
rin

o

Acacia

T
e

rra
in

e

Vermont

W
a

c
o

Luther

Bruce

H
o
o

v
e

r

D
e

l m
a

s

Santa Ana

R
h
o
d
e
s

Mc Kendrie

T
e

rra
c
e

Garland

Las Plumas

N
ip

p
e

r

Carlysle

Nicora

Mc Kee

N
o

t r
e

 D
a

m
e

Martin

Village

Howard

Marianelli

Melina

De Mattei

Yard

Five Wounds

C
o
m

m
e
rcia

l

Filomena

L
ig

h
ts

o
n

Fountain

Warren

Stover

Elizabeth

L
it
tl
e
 M

a
rk

e
t

L
o

s
s
e

C
h

ic
o

Cottage

Calhoun

Sierra

C
o
y
o

te
 C

re
e
k

Clinton

P
e

ru
k
aHanchett

Saint Paul

Arroyo

S
a

n
ta

 T
e
re

s
a

Q
u

a
ilb

ro
o

k

P
e
rm

a
ta

Martel

Glithero

Houghton

C
o
le

m
a

n
 A

v
e

n
u

e

1
2

th

Vermont

1
1

th

2
2
n

d

S
a

n
 P

e
d

ro

Hobson

Empire

Cinnabar

2
0

th

Saint John

Lenzen

C
h
e
stn

u
t

Saint James

Mc Kendrie

Saint John

2
3

rd

1
3

th

A
lm

a
d
e

n

San Fernando

Devine

T
e

r r
a

in
e

Berryessa

3
rd

Asbury

Hamline

1
4
th

Saint John

San Fernando

H
ed

di
ng

3
0

th

S
p
rin

g

S
a

n
 P

e
d

ro

1
5

th

University

1
9
th

A
lm

a
d

e
n

1
6

th

Empire

2
1

s
t

Asbury

San Fernando

Saint James

Emory

E
lm

S
to

c
k
to

n

§̈¦880

tu101

!A
!A

!A!A
!A

!A!A!A!A!A!A
!A!A

!A
!A

!A!A
!A

#
#
####### ##########

#
#

#
####

##
#

#####

#

#

#
#

##
#

!A

##
!A

!A!A!A
#

DOWNTOWN
SAN JOSE STATION

CROSSOVER

S
T-7

S
T-6

C
P
T-1

34
A

B
H
-2

7

B
H
-6

8

B
H
-7

7

B
H
-7

2

B
H
-7

1

B
H
-7

0

B
H
-6

6

B
H
-6

5

B
H
-6

4

B
H
-5

5
B
H
-5

4
B
H
-5

3

B
H
-5

2

B
H
-5

0

B
H
-2

6

B
H
-2

5

B
H
-2

4

B
H
-2

3

BH-21

CP

C
P
T-9

7
C
P
T-9

4

C
P
T-5

1

C
P
T-4

9
C
P
T-4

8

C
P
T-4

1
C
P
T-4

0

C
P
T-1

55

C
P
T-1

43

C
P
T-1

41
C
P
T-1

40

C
P
T-1

36

C
P
T-1

26

C
P
T-1

01
C
P
T-9

8

C
P
T-9

6

C
P
T-5

0

C
P
T-4

7

C
P
T-4

6

C
P
T-4

5

C
P
T-4

4

C
P
T-4

3

C
P
T-4

2
B
H
-5

5A

C
P
T-1

45
C
P
T-1

44

C
P
T-1

42

C
P
T-1

39
C
P
T-1

38
C
P
T-1

37

C
P
T-1

35

C
P
T-1

34
C
P
T-1

33

C
P
T-1

32

C
P
T-1

30

C
P
T-1

29
C
P
T-1

28

C
P
T-1

06

C
P
T-1

05
C
P
T-1

03

C
P
T-1

02

C
P
T-1

00

C
P
T-1

45
A

Santa Clara

1
s
t

Post

6
th

4
th

7
th 8

th5
th

3
r d

2
n

d

M
a

rk
e

t

S
a

n
 P

e
d

ro

Carlysle

FountainA
lm

a
d
e
n

N
o

tr
e

 D
a

m
e

A
lm

a
d

e
n

FIGURE A8-1

CPT LOCATION MAP
Tunnel Segment of SVRT Project 

San Jose, California

G
:\

jo
b

d
o

c
s
\1

6
3

7
\1

6
3

7
.0

0
1

\g
is

\m
x
d

\l
a

b
_

te
s
t_

o
v
e

rv
ie

w
\B

A
R

T
_

C
P

T
_
O

V
E

R
V

IE
W

.m
x
d

, 
0

6
/0

2
/0

5
, 

m
fi
lli

n
g

im

0 500 1,000250

Feet

!A

´

# CPT

BORING

LEGEND



HMM/Bechtel
Project No. 1637.001

COMPARISON OF UNDRAINED SHEAR STRENGTH
CPT-42 and BH-23

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A8-2a
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COMPARISON OF UNDRAINED SHEAR STRENGTH
CPT-96 and BH-50

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A8-2b
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HMM/Bechtel
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Top of 
Layer (ft)

Bottom of 
Layer (ft)

Total Unit 
Weight (pcf) 

Bottom Total 
Vertical Stress 

(psf)
0 12 122 1464
12 18 122 2196
18 20 120 2436
20 32 120 3876
32 35 122 4242
35 40 115 4817
40 49 123 5924
49 71 120 8564
71 91 127 11104
91 112 130 13834
112 122 120 14974

Interpreted Unit Weight Profile BH-12
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Total Stress Profile from CPT-23

Total Stress Profile from Boring-12

Note:
1. CPT based profile was developed using unit 
weight correlations indicated in Table 2.

2. Boring based profile based on assumed unit 
weight profile developed from adjacent borings 
as indicated on the table below.

COMPARISON OF TOTAL STRESS PROFILES
CPT-23 and BH-12

Tunnel Segment of SVRT Project
San Jose, California Figure A8-3a

 



HMM/Bechtel
Project No. 1637.001

Top of 
Layer (ft)

Bottom 
of Layer 

(ft)

Total Unit 
Weight 

(pcf) 

Bottom Total 
Vertical 

Stress (psf)
0 1 140 140
1 4 140 560
4 8 120 1040
8 12 120 1520
12 23 120 2840
23 34 128 4248
34 39 120 4848
39 62 130 7838
62 68 140 8678
68 74 132 9470
74 85 130 10900
85 97 130 12460
97 112 123 14305
112 119 130 15215
119 140 127 17882

Interpreted Unit Weight Profile BH-77
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Total Stress Profile from CPT-
134

Total Stress Profile from Boring-
77

Note:
1. CPT based profile was developed using unit 
weight correlations indicated in Table 2.

2. Boring based profile based on assumed unit 
weight profile developed from adjacent borings 
as indicated on the table below.

COMPARISON OF TOTAL STRESS PROFILES
CPT-134 and BH-77

Tunnel Segment of SVRT Project
San Jose, California

Figure A8-3b
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HMM/Bechtel
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KEY TO CPT LOGS
Tunnel Segment of SVRT (BART to San Jose)

San Jose, California
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LOCATION:  E6163243.2 N1955942.6 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  87.1ft (NAVD88)

COMPLETION DEPTH:  130.8ft

TEST DATE:  11/11/2004

CONE:  F7.5CKEW1580

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\cpt_logs_8x11_52-53.mxd, 28/04/05 17:58, jbreyes
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LOG OF CPT-1
Tunnel Segment of SVRT Project

San Jose, California
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LOCATION:  E6163402.8 N1955813.4 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  86.8ft (NAVD88)

COMPLETION DEPTH:  84.6ft

TEST DATE:  11/11/2004

CONE:  F7.5CKEW1580

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\cpt_logs_8x11_52-53.mxd, 28/04/05 17:58, jbreyes
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LOG OF CPT-2
Tunnel Segment of SVRT Project 

San Jose, California
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LOCATION:  E6163542.3 N1955668.3 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  86.2ft (NAVD88)

COMPLETION DEPTH:  120.1ft

TEST DATE:  11/11/2004

CONE:  F7.5CKEW1580

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard
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LOG OF CPT-3
Tunnel Segment of SVRT Project 

San Jose, California
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SURFACE EL:  81.1ft (NAVD88)

COMPLETION DEPTH:  120.7ft

TEST DATE:  1/4/2005

CONE:  F7.5CKEW1170

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & J

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\cpt_logs_8x11_64-77.mxd, 28/04/05 18:38, mfillingim

E
L

E
V

A
T

IO
N

, 
ft

.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 120.7

2.5 5 7.5 10

SLEEVE FRICTION (tsf)

100 200 300 400

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

1 2 3 4 5

ESTIMATED
SOIL UNDRAINED SHEAR STRENGTH

(Interpreted from CPT Tip Resistance,
Nk = 12 to 15) (ksf)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-74
Tunnel Segment of SVRT Project

San Jose, California



10

20

30

40

50

60

70

80

90

100

110

120

130

140

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

-60

511.38

540.95

593.59

681.44

13.31

LOCATION:  E6151818.8 N1948388.8 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  81.4ft (NAVD88)

COMPLETION DEPTH:  121.9ft

TEST DATE:  1/7/2005

CONE:  F7.5CKEW1170

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & J

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\cpt_logs_8x11_64-77.mxd, 28/04/05 18:39, mfillingim

E
L

E
V

A
T

IO
N

, 
ft

.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 121.9

2.5 5 7.5 10

SLEEVE FRICTION (tsf)

100 200 300 400

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

1 2 3 4 5

ESTIMATED
SOIL UNDRAINED SHEAR STRENGTH

(Interpreted from CPT Tip Resistance,
Nk = 12 to 15) (ksf)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-75
Tunnel Segment of SVRT Project

San Jose, California



10

20

30

40

50

60

70

80

90

100

110

120

130

140

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

-60

12.9
506.78524.47524.92

578.71
516.95
527.45

590.07

623

LOCATION:  E6151601.5 N1948645.9 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6151449.7 N1948825.5 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6151266.4 N1949042.9 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6150959.1 N1949407.9 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6150429.4 N1950016.7 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6164763.7 N1953749.7 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6164830 N1953016 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6164817.2 N1952926.4 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6158263.4 N1948383.4 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6158122 N1948279.7 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6157924.2 N1948165.7 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6157980.1 N1948195.8 (NAD83, CA State Plane Zone III, Feet)
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LOCATION:  E6157806.9 N1948095.7 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  84.7ft (NAVD88)
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LOCATION:  E6157659.2 N1948028.8 (NAD83, CA State Plane Zone III, Feet)
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COMPLETION DEPTH:  116.5ft
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LOCATION:  E6157601.7 N1947995.5 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  86.1ft (NAVD88)

COMPLETION DEPTH:  117.8ft

TEST DATE:  11/18/2004

CONE:  F7.5CKEW1580

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\cpt_logs_8x11_64-77.mxd, 28/04/05 18:21, mfillingim

E
L

E
V

A
T

IO
N

, 
ft

.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 117.8

2.5 5 7.5 10

SLEEVE FRICTION (tsf)

100 200 300 400

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

1 2 3 4 5

ESTIMATED
SOIL UNDRAINED SHEAR STRENGTH

(Interpreted from CPT Tip Resistance,
Nk = 12 to 15) (ksf)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-134A
Tunnel Segment of SVRT Project

San Jose, California



10

20

30

40

50

60

70

80

90

100

110

120

130

140

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

-60

LOCATION:  E6157482.8 N1947930.5 (NAD83, CA State Plane Zone III, Feet)
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1.0 INTRODUCTION 

This appendix discusses the equipment, procedures and results of the seismic cone 

penetration testing (SCPT) conducted by Fugro West, Inc., (Fugro) for the tunnel segment of the 

Silicon Valley Rapid Transit (SVRT) Project.  The SCPTs were conducted at sounding locations 

situated along the tunnel segment alignment of the SVRT Project, as shown on Figure A9-1.  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the Silicon 

Valley Rapid Transit (SVRT) Project in San Jose, California.  This will be a 26.2-km (16.3-mile) 

extension of the Bay Area Rapid Transit (BART) heavy rail rapid transit system from its planned 

terminus at the end of the Warms Springs Extension in Fremont, to San Jose.  The proposed 

alignment currently includes six stations (three above-grade and three below-grade), a 

proposed future station, and vehicle storage and maintenance facilities.  The alignment is 

composed of two major segments;  

1) A line segment that will be approximately 11.5 miles of at-grade, elevated and cut-

and-cover track from Warm Springs to San Jose; and 

2) A 5.1-mile-long tunnel segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (see Figure A9-1) 

As currently planned, the tunnel segment includes at-grade and open cut track, three 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and cover 

stations and the crossover structures have a cumulative length of approximately 4,970 feet.  

The remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long tunnel segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) are providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the Silicon Valley Rapid Transit (SVRT) Project to the VTA.  

HMM/Bechtel has subcontracted with a number of companies to conduct the geotechnical field 

exploration program for the project.  HMM/Bechtel’s primary subcontractors for the geotechnical 

exploration program include Fugro West, Inc., (Fugro), Parikh Consultants (Parikh) and Pitcher 

Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher, conducted the majority of the 

geotechnical field investigation program for the tunnel segments of the SVRT Project from 

October 15, 200, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that would aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  
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In general, the geotechnical field investigation explored subsurface conditions along the 

proposed tunnel alignment, within the vicinity of the proposed Eastern and Western Portals, at 

the two proposed ventilation structures, and at the proposed stations including Alum Rock 

Station, Downtown San Jose Station, and Diridon/Arena Station.  The geotechnical investigation 

program included: 

• 76 Rotary Wash Borings, and 

• 146 Cone Penetration Tests (CPTS). 

Figure A9-1 provides a map of the exploration locations.  These locations were selected by 

HMM/Bechtel based on the following considerations: 1) the data requirements of the tunnel 

designer; 2) the location of existing geotechnical data; 3) the avoidance of private property; and 

4) the avoidance of existing underground and overhead utilities.  For CPT correlation purposes, 

approximately 16 sets of borings and CPTs were conducted within 15 feet of each other.  The 

CPT locations were surveyed by a subcontractor to HMM/Bechtel and the surveyed coordinates 

were provided to Fugro by HMM/Bechtel. 

1.3 CPT PROGRAM OVERVIEW 

Fugro and Fugro Geosciences, Inc., conducted the cone penetration testing (CPT) using 

a Fugro truck-mounted 25-ton cone apparatus in general accordance with ASTM D5778.  The 

continuous CPT soundings were typically advanced to refusal, which ranged from approximately 

60 to 158 feet in depth.  For detailed procedures and equipment specifications on the CPT 

operations refer to “Appendix 8 - CPT Testing.”  In addition to continuous CPT soundings, Fugro 

also conducted dissipation tests, downhole seismic shear wave velocity measurements, and 

hydropunch water sampling.  Dissipation tests were conducted at 27 CPT locations in order to 

monitor excess pore pressure dissipation in sands and clays.  Detailed procedures, equipment 

specifications and interpretation of results for the dissipation testing are provided in “Appendix 

11 -Dissipation Testing.”  Hydropunch water sampling was conducted at one CPT location in 

order to collect groundwater for laboratory testing.  Detailed information regarding the field 

procedures and equipment specifications for the hydropunch water sampling are provided in 

“Appendix 10 - Hydropunch Testing.”  Downhole Seismic shear (S) wave velocity 

measurements were successfully conducted at six CPT locations to obtain profiles of shear 

wave velocity versus depth.  Detailed information regarding the downhole seismic cone 

penetration tests including field procedures, data interpretation, and results are discussed in the 

following sections.   

1.4 SEISMIC CONE PENETRATION TEST (SCPT) PROGRAM OVERVIEW 

Prior to initiation of the fieldwork the appropriate permits were obtained from the Santa 

Clara Valley District and City of San Jose.  Seismic Shear wave velocity tests were attempted at 

a total of ten locations including each of the proposed station locations and at the crossover 

area between the proposed Market Street Station and the proposed Civic Center Station.  Table 

1 summarizes the Seismic CPT test program. 
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Table A9-1.  Summary of Seismic CPT Testing 

Location 

CPT 
Proposed 

Structure 
Northing Easting Elev. Station Offset 

Final 

Seismic 

Test 

Depth 

Final 

CPT 

Test 

Depth 

Notes 

46 Crossover 1947949 6157548 86.5 699+08 29 L 98 98  

106 
Civic Plaza 

Station 
1948647 6158413 81.3 689+00 11 L 25 75 

Inconsistent/noisy 
data 

114 
Alum Rock 

Station 
1953750 6164764 87.3 600+38 42 L 108 110  

122 
Alum Rock 

Station 
1953016 6164830 88.2 607+72 24 L 87 88  

128 Crossover 1948280 6158122 82.8 692+45 28 L 25 78.5 
Inconsistent/noisy 

data 

139 
Market St 

Station 
1947718 6157150 88.2 703+69 31 L 95 118  

145 
Market St 

Station 
1947417 6156615 87.1 709+82 25 L 75 78 

Inconsistent/noisy 
data 

145A 
Market St 

Station 
1947418 6156617 87.1 709+80 25 L 25 126 

Inconsistent/noisy 
data 

149 
Diridon 
Station 

1946068 6154230 88.0 737+96 4 L 109 111  

154 
Diridon 
Station 

1946054 6153854 92.2 741+70 45 L 94 95  

As shown in Table 1, inconsistent/noisy seismic data were obtained at CPT locations 

106, 128, 145, and 145A.  The seismic data at these locations was not of sufficient quality to 

interpret shear wave velocities. These results will be discussed in further detail below.  

2.0 SEISMIC CPT TEST EQUIPMENT AND PROCEDURES 

2.1 FIELD EQUIPMENT 

Downhole seismic shear wave velocity measurements were conducted using Fugro's 

seismic CPT (SCPT) system.  The SCPT system includes the basic thrust system, a seismic 

cone assembly, a seismic wave source, and a digital recording seismograph.  SCPT testing was 

performed in accordance with ASTM test designation D-577-95.   

The seismic cone assembly is similar to the conventional cone assembly, but includes, 

in addition, a three-component array of geophones.  The geophones are orthogonally mounted 

inside the assembly at about 15 cm above the cone tip.  The cone tip area of the seismic cone 

is 15 cm2, an area ratio of 0.59 and a cylindrical sleeve area of 200 cm2.   

The seismic source consists of a heavy metal beam that is held firmly against the ground 

weight of the beam, and additional weights placed on it.  Seismic waves are generated at each 

test depth by striking each end of the beam with a 12-pound sledgehammer. A SmartSeis 100 
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Seismograph manufactured by Geomatrics and integrated with Fugro’s CPT equipment is 

utilized for the seismic wave recording. 

2.2 FIELD PROCEDURES.  

For CPT soundings in which seismic data are collected, conventional CPT testing is 

temporarily halted at 5-foot intervals to collect seismic data.  Shear waves are generated by 

striking a heavy steel beam with a 12-pound sledgehammer.  The beam is positioned parallel to 

the cone truck at least 10 feet from the cone rods, and is coupled to the ground surface by the 

weight of the beam and the weight of the operator to prevent the beam from moving when 

struck.  The beam is struck alternatively at opposite sides, which generate shear waves with 

opposite polarity.  Hammer blows on the beam trigger the seismograph to record the time 

histories of the generated seismic waves as they travel through the soil and are detected by the 

geophones, which monitor the waveform arrivals.  Each side of the beam is struck several 

times, and each signal produced by a blow is closely examined for signal and noise content.  If 

the signal appears clean, i.e., the shear wave signal is clearly defined, that waveform is selected 

for stacking and the arrival time of the shear wave is picked and recorded.  Further signals 

generated by additional blows are similarly examined and stacked to minimize noise detected 

and improve the overall signal to noise ratio.   As a standard procedure, a minimum of three 

stacks per side of the beam per depth is required.  However, in a noisy environment, the beam 

is struck continuously until a clean and consistent signal is obtained for stacking.  As such, the 

beam may be struck more times than the actual number of signals chosen for stacking.  

Waveforms are digitally recorded and saved in the seismograph’s hard drive for further 

processing.  After a complete set of seismic data is recorded, the cone is advanced to the next 

depth, and the procedure is repeated until the hole is complete. 

2.3 INTERPRETATION OF SEISMIC DATA 

The Seismic data at each SCPT location is interpreted as follows: 

• The shear wave arrival time at each depth is first determined from the recorded 

“stacked” signals using software on the seismograph.  

• Arrival times are determined for each of the two sides of the beam that are struck, 

and are designated “east” and “west” arrival times. 

• The east and west arrival times are checked in the field to ensure that consistent 

arrival times are being recorded between the two strike directions.  

• The average arrival time is then determined from the east and west arrival times. 

• Based on the horizontal offset of the seismic source from the CPT rods, a strike 

angle is determined, and the average vertical arrival time is determined by taking the 

Sine of the strike angle. 

• The incremental seismic velocity is then determined by taking the difference in 

vertical average arrival time between two depth increments, and then dividing by the 

length of the increment (typically 5 feet). 
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3.0 RESULTS AND DISCCUSION 

3.1 DATA PLOTS 

CPT sounding logs for the six SCPTs are presented on the Logs of Seismic CPTs.  The 

CPT logs provide graphical plots versus depth showing: 

• Measured Cone (Tip) resistance in tons per square foot (tsf); 

• Measured Sleeve friction in tsf; 

• Friction Ratio in percentage, including color coding denominating the Soil Behavior 

Type according to Robertson and Campanella, 1990 (see CPT correlation chart); 

• Measured Pore Pressure in tsf at the u2 location; and 

• Measured Shear Wave Velocity in feet per second. 

3.2 DISCUSSION  

As indicated in Table 1, noisy/inconsistent seismic data were obtained at SCPT locations 

CPT-106, 128, 145 and 145a.  This poor quality data is believed to be related to a combination 

of factors that include both surface traffic conditions as well as underground obstructions/debris 

(Thick asphalt, concrete slabs, railroad ties, pipelines, etc.). Surface traffic tends to make the 

data “noisy” while subsurface “obstructions” will tend to reduce or distort the transmission of the 

wave energy from the surface to the seismic receiver in the cone. In the case where limited 

noise is present in the data (e.g., traffic noise), the data can potentially be filtered and then 

analyzed. However, at the four SCPT locations discussed above, the data is too noisy to be 

effectively filtered out. We think that the primary cause of this is the occurrence of the 

subsurface obstruction/debris that is limiting the transmission of a clear seismic signal and 

generating additional noise as the wave travels through the debris. 

4.0 LIMITATIONS 

Our services consist of subsurface field explorations and data evaluations that are made 

in accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 

The data provided in this appendix is based on the subsurface explorations conducted 

for this study. These explorations indicate subsurface conditions only at specific locations and 

times, and only to the depths penetrated.  Variations may exist and conditions not observed or 

described in this report could be encountered during construction.  Our results are based on our 

standard practices and specific data obtained.   

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 
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in this appendix are modified or verified in writing. Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 

of information supplied by others, nor accept consequences for unconsulted use of segregated 

portions of this report. 

5.0 REFERENCE 

Lunne, Robertson and Powell (1997), Cone Penetration Testing in Geotechnical Practice, 
Blackie Academic & Professional, London.
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LOGS OF SEISMIC CPTs 

  



2

Normalized Friction Ratio 

N
o

rm
a
li

z
e
d

 T
ip

 R
e

s
is

ta
n

c
e

11

10

100

2

10

100

6410.60.40.2

86410.60.40.2

1000 1000
8

6

3

1

5

7

4

9

8

2

2

Normalized Friction Ratio 

N
o

rm
a
li

z
e
d

 T
ip

 R
e

s
is

ta
n

c
e

11

10

100

2

10

100

6410.60.40.2

86410.60.40.2

1000 1000
8

6

3

1

5

7

4

9

8

2

CPT CORRELATION CHART

(Modified from Robertson, 1990)

HMM/Bechtel
Project No. 1637.001

KEY TO SEISMIC CPT LOGS
Tunnel Segment of SVRT Project

San Jose, California

G
:\
jo

b
d

o
c
s
\1

6
3

7
\1

6
3

7
.0

0
1
\g

is
\m

x
d

\C
P

T
_
L

O
G

S
\K

e
y
_

S
e
is

m
ic

_
C

P
T

_
L
o

g
s
.m

x
d

 0
7

/2
7
/0

5

*overconsolidated or cemented

    

1

2

3

4

5

6

7

8

9

Soil Behavior Type
 

Sensitive Fine-grained

Organic Material

Clay

 

1

2

3

4

5

6

7

8

9

Soil Behavior Type
 

Organic Material

Clay

Zone
 

1

2

3

4

5

6

7

8

9

Soil Behavior Type
 

Organic Material

Clay to Silty Clay

Clayey Silt to Silty Clay

Silty Sand to Sandy Silt

Clean Sands to Silty Sands

Gravelly Sand to Sand

Very Stiff Sand to Clayey Sand

Very Stiff Fine-grained *



5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

105

110

115

120

125

130

135

140

145

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

-5

-10

-15

-20

-25

-30

-35

-40

-45

-50

-55

-60

473.05

459.25

459.41

10.5210.97

LOCATION:  E6157547.7 N1947948.7 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  86.5ft +/- (NAVD88)

COMPLETION DEPTH:  94.6ft

TEST DATE:  11/10/2004

CONE:  F7.5CKEW750

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\CPT_Log_with_VsVp\cpt_logs_VsVp.mxd, 04/05/05 13:41, jbreyes

E
L

E
V

A
T

IO
N

, 
ft
.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 94.6

2 4 6 8

SLEEVE FRICTION (tsf)

80 160 240 320

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

720 940 1160 1380

Vs (fts)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-46
Tunnel Segment of SVRT Project

San Jose, California



10

20

30

40

50

60

70

80

90

100

110

120

130

140

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

-60

124.14

LOCATION:  E6164763.7 N1953749.7 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  87.3ft +/- (NAVD88)

COMPLETION DEPTH:  108.5ft

TEST DATE:  2/12/2005

CONE:  F7.5CKEW750

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\CPT_Log_with_VsVp\cpt_logs_VsVp.mxd, 03/05/05 15:15, mfillingim

E
L

E
V

A
T

IO
N

, 
ft
.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 108.5

2.5 5 7.5 10

SLEEVE FRICTION (tsf)

100 200 300 400

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

600 900 1200 1500

Vs (fts)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-114
Tunnel Segment of SVRT Project

San Jose, California



10

20

30

40

50

60

70

80

90

100

110

120

130

140

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

-60

506.68
521.78545.56

LOCATION:  E6164830 N1953016 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  88.2ft +/- (NAVD88)

COMPLETION DEPTH:  88.7ft

TEST DATE:  2/13/2005

CONE:  F7.5CKEW750

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\CPT_Log_with_VsVp\cpt_logs_VsVp.mxd, 03/05/05 15:15, mfillingim

E
L

E
V

A
T

IO
N

, 
ft
.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 88.7

2.5 5 7.5 10

SLEEVE FRICTION (tsf)

100 200 300 400

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

600 900 1200 1500

Vs (fts)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-122
Tunnel Segment of SVRT Project

San Jose, California



10

20

30

40

50

60

70

80

90

100

110

120

130

140

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

-60

552.95

518.04

676.99

540.7

LOCATION:  E6157149.5 N1947717.9 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  88.2ft +/- (NAVD88)

COMPLETION DEPTH:  118.2ft

TEST DATE:  11/9/2004

CONE:  F7.5CKEW750

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\CPT_Log_with_VsVp\cpt_logs_VsVp.mxd, 03/05/05 15:15, mfillingim

E
L

E
V

A
T

IO
N

, 
ft
.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 118.2

2.5 5 7.5 10

SLEEVE FRICTION (tsf)

100 200 300 400

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

600 900 1200 1500

Vs (fts)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-139
Tunnel Segment of SVRT Project

San Jose, California



10

20

30

40

50

60

70

80

90

100

110

120

130

140

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

-60

584.51

511.57

502.52

603.29
586.43

659

11.57

LOCATION:  E6154229.6 N1946068 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  88ft +/- (NAVD88)

COMPLETION DEPTH:  110.7ft

TEST DATE:  2/10/2005

CONE:  F7.5CKEW750

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\CPT_Log_with_VsVp\cpt_logs_VsVp.mxd, 03/05/05 15:16, mfillingim

E
L

E
V

A
T

IO
N

, 
ft
.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 110.7

2.5 5 7.5 10

SLEEVE FRICTION (tsf)

100 200 300 400

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

600 900 1200 1500

Vs (fts)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-149
Tunnel Segment of SVRT Project

San Jose, California



10

20

30

40

50

60

70

80

90

100

110

120

130

140

90

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

585.79

525.66

520.67

LOCATION:  E6153854 N1946053.8 (NAD83, CA State Plane Zone III, Feet)

SURFACE EL:  92.2ft +/- (NAVD88)

COMPLETION DEPTH:  94.9ft

TEST DATE:  2/11/2005

CONE:  F7.5CKESW750

PERFORMED BY:  Fugro Geosciences

OPERATOR:  M Parras & R Norris

REVIEWED BY:  R Howard

G:\jobdocs\1637\1637.001\gis\mxd\CPT_LOGS\CPT_Log_with_VsVp\cpt_logs_VsVp.mxd, 03/05/05 15:16, mfillingim

E
L

E
V

A
T

IO
N

, 
ft
.

D
E

P
T

H
, 

ft
.

TOTAL DEPTH: 94.9

2.5 5 7.5 10

SLEEVE FRICTION (tsf)

100 200 300 400

TIP RESISTANCE (tsf)

1 2 3 4 5 6 7 8 9

FRICTION RATIO (%)

0 5 10 15

MEASURED
PORE PRESSURE (tsf)

600 900 1200 1500

Vs (fts)

HMM/Bechtel
Project No. 1637.001

LOG OF CPT-154
Tunnel Segment of SVRT Project

San Jose, California



Silicon Valley Rapid Transit Project – Tunnel Segment 
Geotechnical Data Report 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

APPENDIX 10 

HYDROPUNCH WATER SAMPLING AND LABORATORY 
TESTING PROGRAM 

Rev. 0  9/23/2005 



Silicon Valley Rapid Transit Project –Tunnel Segment 
Geotechnical Data Report 

 
Appendix 10 presents a description of the equipment and procedures used in the Hydropunch 
Water Sampling conducted by Fugro.  Kleinfelder performed general water quality testing on the 
collected water samples.  The results of the general water quality tests are also included in 
Appendix 10.
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1.0 INTRODUCTION 

This appendix describes the equipment and procedures used to conduct Hydropunch 

water sampling using Fugro West, Inc.’s, (Fugro) cone penetration test (CPT) rig for the tunnel 

segment of Silicon Valley Rapid Transit (SVRT) Project.  The Hydropunch CPT was conducted 

at one location situated along the tunnel segment alignment of the SVRT Project, as shown on 

the Hydropunch CPT Location Map (Figure A10-1).  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the SVRT 

Project in San Jose, California.  This will be a 26.2-km (16.3-mile) extension of the Bay Area 

Rapid Transit (BART) heavy rail rapid transit system from its planned terminus at the end of the 

Warms Springs Extension in Fremont, to San Jose.  The proposed alignment currently includes 

six stations (three above-grade and three below-grade), a proposed future station, and vehicle 

storage and maintenance facilities.  The alignment is composed of two major segments;  

1) A Line Segment which will be approximately 11.5 miles of at-grade, elevated and 

cut-and-cover track from Warm Springs to San Jose; and 

2) A 5.1-mile-long tunnel segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (see Figure A10-1). 

As currently planned, the tunnel segment includes at-grade and open cut track, three (3) 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and cover station 

and the crossover structures have a cumulative length of approximately 4970 feet.  The 

remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long Tunnel Segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) are providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the SVRT Project to the VTA.  HMM/Bechtel has subcontracted with a 

number of companies to conduct the geotechnical field exploration program for the project.  

HMM/Bechtel’s primary subcontractors for the geotechnical exploration program included: Fugro 

West, Inc., (Fugro), Parikh Consultants (Parikh) and Pitcher Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher, conducted the majority of the 

geotechnical field exploration program for the tunnel segments of the SVRT Project from 

October 15, 2004, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that will aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  
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In general, the geotechnical field investigation explored subsurface conditions along the 

proposed tunnel alignment, within the vicinity of the proposed Eastern and Western Portals, at 

the two proposed ventilation structures, and at the proposed stations including Alum Rock 

Station, Market Street Station, Civic Plaza/SJSU Station, and, Diridon/Arena Station.  The 

geotechnical exploration program included: 

• 76 Rotary Wash Borings, and 

• 146 cone penetration Tests (CPTS). 

Figure A10-1 provides a map of the exploration locations.  These locations were 

selected by HMM/Bechtel based on the following considerations: 1) the data requirements of the 

tunnel designer, 2) the location of existing geotechnical data, 3) the avoidance of private 

property, and 4) the avoidance of existing underground and overhead utilities.  For CPT 

correlation purposes approximately 16 sets of borings and CPTs were conducted within 15 feet 

of each other.  The CPT locations were surveyed by a subcontractor to HMM/Bechtel and the 

surveyed coordinates were provided to Fugro by HMM/Bechtel. 

1.3 CPT PROGRAM OVERVIEW 

Fugro West, Inc., and Fugro Geosciences, Inc., conducted the CPTs using a Fugro 

truck-mounted 25-ton cone apparatus in general accordance with ASTM D5778.  The 

continuous CPT soundings were typically advanced to refusal, which ranged from approximately 

60 to 158 feet in depth.  For detailed procedures and equipment specifications on the CPT 

operations refer to Appendix 8, CPT Testing.  In addition to continuous CPT soundings, Fugro 

also conducted dissipation tests, downhole seismic shear wave velocity measurements, and  

hydropunch water sampling.  Dissipation tests were conducted at twenty-seven (27) CPT 

locations in order to monitor excess pore pressure dissipation in sands and clays.  Detailed 

procedures, equipment specifications and interpretation of results for the dissipation testing are 

provided in Appendix 11, Dissipation Testing.  Downhole Seismic shear (S) wave velocity 

measurements were successfully conducted at six (6) CPT locations to obtain profiles of shear 

wave velocity versus depth.  Detailed information regarding the downhole seismic cone 

penetration tests including field procedures, data interpretation, and results are discussed in 

Appendix 9, Seismic Cone Testing.  Hydropunch water sampling was conducted at one (1) CPT 

location in order to collect groundwater for laboratory testing.  Detailed information regarding the 

field procedures and equipment specifications for the hydropunch water sampling is provided in 

the following sections.     

1.4 HYDROPUNCH WATER SAMPLING PROGRAM OVERVIEW 

Prior to initiation of the fieldwork the appropriate permits were obtained from the Santa 

Clara Valley District and City of San Jose.  Hydropunch water sampling was conducted at a 

depth of about 64 feet at Hydropunch location HP-1 to retrieve water samples for subsequent 

chemical and gas testing.  The location of HP-1 is on 15th Street just south of the intersection 

with Santa Clara Street.  Water sampling was conducted at location HP-1 due to high water 

pressures encountered in that area previously when conducting CPT-30.  The high water 

pressure resulted in the ejection of water, silt, sand and bubbles from the hole when the cone 
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rods were withdrawn from CPT-30.  HMM/Bechtel decided to conduct the water sampling at that 

location to determine if any soluble gasses are present in the groundwater aquifer near the 

depth of the proposed tunnel alignment. 

Fugro conducted the Hydropunch water sampling and provided the samples to 

Kleinfelder and Associates, who packaged, labeled and had the appropriate laboratory testing 

conducted on the water samples.  The results of those laboratory tests will be provided in a 

separate report by Kleinfelder.   

2.0 HYDROPUNCH WATER SAMPLING EQUIPMENT AND PROCEDURES 

The Hydropunch water sampling system utilized the same 25-ton, truck-mounted CPT 

system used to conduct the CPT soundings for the project (including seismic and dissipation 

testing).  The equipment and procedures used in the standard CPT operation are discussed in 

detail in Appendix 5.  

The Hydropunch type sampler, illustrated in Figure A10-2, utilizes a retrievable stainless 

steel screen, 18 inches in length with 0.005-inch laser cut slots. The probe is pushed in a closed 

position to the desired depth, after which the sample push rods are retracted to expose the 

screen. Groundwater flows hydrostatically from the formation into the inlet screen where it is 

collected and brought to the surface by means of a bailer or various pump devices.  Upon 

completion of the water sampling, the Hydropunch sampler and CPT rods are retrieved leaving 

the disposable tip in the ground.  

For this project the CPT rods were steam-cleaned prior to the installation of the Hydropunch 

sampler to minimize the potential for introducing outside contaminants into the water sample. 

The Hydropunch sampler was then advanced to a depth of 64 feet using the truck-mounted 

CPT hydraulic system. The CPT rods were retracted approximately 1 foot to expose the screen 

and allow the groundwater to flow into the sampler. A hand pump system consisting of plastic 

tubing and a Waterra check valve was then used to retrieve the water samples.  A total of 12 

water sample bottles were filled, and the samples were then given to a representative of 

Kleinfelder.   

The Hydropunch CPT location was backfilled as discussed in Appendix 8, Cone 

Penetration Test Results. 

3.0 LIMITATIONS 

Our services consist of subsurface field explorations and data evaluations that are made 

in accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 

The data provided in this appendix is based on the subsurface explorations conducted 

for this study. These explorations indicate subsurface conditions only at specific locations and 

times, and only to the depths penetrated.  Variations may exist and conditions not observed or 
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described in this report could be encountered during construction.  Our results are based on our 

standard practices and specific data obtained.   

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 

in this appendix are modified or verified in writing. Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 

of information supplied by others, nor accept consequences for unconsulted use of segregated 

portions of this report. 

4.0 REFERENCE 

Lunne, Robertson & Powell (1997), Cone Penetration Testing in Geotechnical Practice, Blackie 
Academic & Professional, London, UK. 
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HYDROPUNCH LOCATION MAP
Tunnel Segment of SVRT Project 

San Jose, California
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 *Note: Waterra Check Valve inserted in plastic tubing (not shown) was 
           used in place of bailer. 

SCHEMATIC DIAGRAM OF TYPICAL HYDROPUNCH WATER SAMPLER 
Tunnel Segment of SVRT Project 

San Jose, California 
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1.0 INTRODUCTION 

This appendix describes the dissipation test equipment, procedures, results and 

interpretation conducted by Fugro West, Inc., (Fugro) for the Tunnel Segment of Silicon Valley 

Rapid Transit (SVRT) Project.  The dissipation tests were conducted at sounding locations 

situated along the tunnel segment alignment of SVRT Project, as shown on the “Dissipation 

Test Location Map,” Figure A11-1.  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the SVRT 

Project in San Jose, California.  This will be a 26.2-km (16.3-mile) extension of the Bay Area 

Rapid Transit (BART) heavy rail rapid transit system from its planned terminus at the end of the 

Warms Springs Extension in Fremont, to San Jose.  The proposed alignment currently includes 

six stations (three above-grade and three below-grade), a proposed future station, and vehicle 

storage and maintenance facilities.  The alignment is composed of two major segments;  

1) A Line Segment which will be approximately 11.5 miles of at-grade, elevated and 

cut-and-cover track from Warm Springs to San Jose; and 

2) A 5.1-mile-long tunnel segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (see Figure A11-1). 

As currently planned, the tunnel segment includes at-grade and open cut track, three (3) 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and cover 

stations and the crossover structures have a cumulative length of approximately 4970 feet.  The 

remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long tunnel segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) are providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the SVRT Project to the VTA.  HMM/Bechtel has subcontracted with a 

number of companies to conduct the geotechnical field exploration program for the project.  

HMM/Bechtel’s primary subcontractors for the geotechnical exploration program included: Fugro 

West, Inc., (Fugro), Parikh Consultants (Parikh) and Pitcher Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher conducted the majority of the 

geotechnical field exploration program for the tunnel segments of the SVRT Project from 

October 15, 2004, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that will aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  
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In general, the geotechnical field investigation explored subsurface conditions along the 

proposed tunnel alignment, within the vicinity of the proposed Eastern and Western Portals, at 

the two proposed ventilation structures, and at the proposed stations including Alum Rock 

Station, Downtown San Jose Station, and Diridon/Arena Station.  The geotechnical exploration 

program included: 

• 76 Rotary Wash Borings; and 

• 146 cone penetration tests (CPTS). 

Figure A11-1 provides a map of the exploration locations.  These locations were 

selected by HMM/Bechtel based on the following considerations: 1) the data requirements of the 

tunnel designer, 2) the location of existing geotechnical data, 3) the avoidance of private 

property, and 4) the avoidance of existing underground and overhead utilities.  For CPT 

correlation purposes approximately 16 sets of borings and CPTs were conducted within 15 feet 

of each other.  The CPT locations were surveyed by a subcontractor to HMM/Bechtel and the 

surveyed coordinates were provided to Fugro by HMM/Bechtel. 

1.3 CPT PROGRAM OVERVIEW 

Fugro West, Inc., and Fugro Geosciences, Inc., conducted the CPTs using a Fugro 

truck-mounted 25-ton cone apparatus in general accordance with ASTM D5778.  The 

continuous CPT soundings were typically advanced to refusal, which ranged from approximately 

60 to 158 feet in depth.  For detailed procedures and equipment specifications on the CPT 

operations refer to “Appendix 8 - CPT Testing.”  In addition to continuous CPT soundings, Fugro 

also conducted dissipation tests, downhole seismic shear wave velocity measurements, and 

hydropunch water sampling.  Downhole Seismic shear (S) wave velocity measurements were 

successfully conducted at six (6) CPT locations to obtain profiles of shear wave velocity versus 

depth.  Detailed information regarding the downhole seismic cone penetration tests including 

field procedures, data interpretation, and results are discussed in “Appendix 9 - Seismic Cone 

Testing.”  Hydropunch water sampling was conducted at one (1) CPT location in order to collect 

groundwater for laboratory testing.  Detailed information regarding the field procedures and 

equipment specifications for the hydropunch water sampling are provided in “Appendix 10 - 

Hydropunch Testing.”  Dissipation tests were conducted at twenty-seven (27) CPT locations in 

order to monitor excess pore pressure dissipation in sands and clays.  Detailed procedures, 

equipment specifications and interpretation of results for the dissipation testing are provided in 

the following sections.   

1.4 DISSIPATION TEST PROGRAM  

1.4.1 Test Overview 

A dissipation test is typically conducted by using a standard CPT piezocone, then 

stopping the cone penetration at a given depth and measuring the decay of pore water pressure 

with time.  During a pause in penetration, any excess pore pressures generated around the 

cone will start to dissipate. The rate of dissipation depends upon the flow and consolidation 

characteristics of soil, that is coefficient of consolidation, which, in turn, depends on the 

compressibility and permeability of the soil.  
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1.4.2 Dissipation Test Program 

Prior to initiation of the fieldwork the appropriate permits were obtained from the Santa 

Clara Valley District and City of San Jose.  Dissipation tests were conducted at 27 CPT 

locations, in order to monitor excess pore pressure dissipation in sands and clays. The 

dissipation test locations are shown on Figure A11-1 and summarized in Table 1.  Table 1 

provides the test date, coordinates, station and offset, tests depths, the estimated soil behavior 

type from the CPT data, the measured start and end pore water pressures, and the estimated 

water table depths from tests where the pore pressures were judged to have dissipated to the 

hydrostatic pressure or from water table measurements at adjacent boreholes.  

One to four dissipation tests were conducted per CPT, at the following locations: 

• 2 CPTs at Alum Rock Station (CPT-112 and CPT-120); 

• 6 CPTs at Crossover and Downtown San José Station (CPT-44, CPT-134A, CPT-

133, CPT-137, CPT-140 and CPT-143); 

• 2 CPTs at Diridon Station (CPT-146 and CPT-153); 

• 1 CPT location at the West Portal (CPT-93); 

• 1 CPT location at Lower Silver Creek (CPT-04); 

• 1 CPT location at Coyote Creek (CPT-27); 

• 2 CPT location between Guadalupe River and Los Gatos Creek (CPT-55 and CPT-

55A); and 

• 12 CPT locations along the tunnel alignment (CPT-09, CPT-17, CPT-18, CPT-95, 

CPT-35, CPT-96, CPT-98, CPT-102, CPT-103, CPT-68, CPT-79 and CPT-84). 

The target test depths were typically selected by HMM/Bechtel based on the evaluations 

of stratigraphy from adjacent explorations and the anticipated depth of the tunnel alignment.   

2.0 DISSIPATION TEST PROCEDURES AND DATA PLOTS 

2.1 FIELD PROCEDURES 

CPT dissipation tests are conducted using a standard CPT piezo-cone (a cone that 

incorporates a pore pressure transducer).  The dissipation tests may be conducted using a cone 

with the pore pressure transducer behind the cone tip (u2 position) or a cone with the pore 

pressure transducer at the face of the cone (u1 position).  A pore pressure transducer located at 

the u2 position was used in this CPT field exploration program. 

The cone is advanced in the hole to the estimated test depth and then halted.  In clays, 

pore pressure data are then recorded until greater than approximately 50 to 75 percent of the 

induced excess pore pressure is dissipated.  In sands, pore pressure dissipation tests are 

generally conducted until 90 to 100 percent of the excess pore pressure is dissipated.  The 
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resulting dissipation test duration is on the order of ¼ to 3½ hours or more depending on soil 

permeability, with dissipations in sandy soils occurring faster than in clays.  All pore pressure 

data during the test are digitally recorded for subsequent analyses.  After the dissipation test 

data are recorded, the cone is advanced to the next test depth or the CPT termination depth. 

2.2 DATA PLOTS 

The recorded field data was processed in order to plot the measured pore pressure 

versus time. Figures A11-2 to A11-28 present the measured pore pressure versus time plots, 

the soil type, and the starting and end pore pressures for each dissipation test. 

3.0 INTERPRETATION OF COEFFICIENT OF CONSOLIDATION AND PERMEABILITY  

3.1 INTRODUCTION 

As summarized in Table 1, the dissipation tests in this program were conducted in both 

sands and clays.  

In clays, the coefficients of consolidation and permeability, c and k, vary over several 

orders of magnitude and are some of the most difficult parameters to measure in geotechnical 

engineering. Three theoretical and semi-empirical solutions (Torstensson (1977), Houlsby and 

Teh (1988), Teh et al., (1987)) were used for deriving the horizontal coefficient of consolidation 

ch from pore pressure dissipation data. However, the meaning and use of these solutions are 

complicated by several phenomena such as the effects of soil disturbance due to penetration 

and the effects of soil anisotropy (Lunne, Robertson, and Powell (1997)). Moreover, estimation 

of soil permeability from CPT and dissipation data is subject to much uncertainty and should be 

used as a guide only. 

Cone penetration testing in coarse-grained soils, such as sandy soils, is generally 

drained, thus excess pore pressure generally dissipates quickly in sands, typically within 15 to 

30 minutes. Measured end pore pressures from dissipation tests in sands are usually used to 

estimate the water table depth at the specific CPT location. In very dense fine or silty sands, 

negative pore pressures may be recorded behind the cone (u2) due to dilatancy effects. 

For intermediate soils (clayey sands to silts), cone penetration can be partially drained. 

To get a first estimate of the coefficient of consolidation, the same methods described above for 

clays are usually used. However, it should be noted that the theoretical initial pore pressure 

distribution used in these models is developed based on the assumption of ideal undrained 

response during penetration, which may be questionable in silty soils and is not considered 

applicable for drained soils (e.g. sand and gravel). 

3.2 APPROACH 

3.2.1 Coefficient of Consolidation 

This section describes the three theoretical and semi-empirical solutions adopted for the 

interpretation of the coefficient of consolidation in clays. Interpretation was carried out for the 

filter located at the cylindrical extension above the cone base (u2 position). 
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Torstensson (1977) developed an interpretation model based on an elasto-plastic soil 

model assumption and spherical or cylindrical cavity expansion theory depending on the filter 

element’s location. Since the filter in our dissipation tests was located on the cylindrical shaft 

some distance away from the cone (u2 position), the cylindrical solution was adopted in our 

calculations. Torstensson suggested that the coefficient of consolidation should be interpreted 

at 50 percent dissipation from the following formula: 

C = (T50/t50) x ro
2 

where the time factor T50 is found from the theoretical solutions for the filter position u2, t50 is 

the measured time for 50 percent dissipation and r0 is the penetrometer radius for the cylindrical 

model. 

 Houlsby and Teh (1988) proposed an interpretation based on a finite difference analysis 

of the dissipation pore pressure, including the effect of varying rigidity index Ir (=G/Su).  Houlsby 

and Teh (1988) suggested interpreting the coefficient of horizontal consolidation using the 

modified dimensionless time factor T* as a function of the degree of consolidation, as defined 

below: 

     T* = (Ch x t) / (r2 x Ir^0.5) 

where r is the radius of the cone (typically 35.7mm). 

 Teh (1987) proposed the interpretation of the consolidation data on a root time scale and 

suggested that the horizontal coefficient of consolidation should be interpreted according to the 

following formula: 

     Ch = (m/M)2 x Ir^0.5 x r2 

where M is the gradient from theoretical curve for a specific filter location and m is the measured 

gradient of the initial linear dissipation plotted on a root time scale. 

 According to Lunne, Robertson and Powell (1997), and based on Fugro’s past 

experience with dissipation tests interpretation, the values for the coefficient of consolidation 

provided by the Houlsby and Teh (1988) approach are recommended. 

3.2.2 Coefficient of Permeability 

Baligh and Levadoux (1980) recommended that the horizontal coefficient of permeability 

could be estimated from the following expression: 

    Kh = γw / (2.3 x σ’vo) x Crε x ch 

Where Crε is the recompression ratio in the overconsolidated range interpreted from the 

constant rate of strain (CRS) consolidation tests performed on soil samples at corresponding 

depths from nearby borings, σ’vo is the effective vertical stress at the test depth, and ch is the 

calculated horizontal coefficient of consolidation. 
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The estimation of soil permeability from CPT and dissipation tests data is subject to 

much uncertainty and should be used as a guide only (Lunne, Robertson and Powell (1997). 

3.3 METHODOLOGY AND ASSUMPTIONS 

3.3.1 Procedure 

Estimation of the coefficient of consolidation (ch) was carried out using the dissipation 

tests data for the filter location behind the cone (u2) according to the following procedure 

(Lunne, Robertson and Powell (1997)): 

1) Evaluating the initial pore pressure, ui, by plotting the dissipation tests data on a 

square root time scale using the square-root-of-time method; 

2) Defining the static pore pressure, u0, from piezocone or piezometer tests data in 

adjacent sand layers; 

3) Plotting the normalized excess pore pressure (U) versus time (t) on log and square 

root time scales, with U = (ut – u0) / (ui – u0), where ut is the pore pressure at time t; 

4) Defining the time for 50 percent dissipation (t50); 

5) Defining the slope (m) of the straight line from the first part of U versus square root of 

time t; 

6) Using t50 to predict ch according to the Torstensson (1977) and the Houlsby and Teh 

(1988) approaches discussed in section 3.2.1 of this appendix; and 

7) Using m to predict ch according to the Teh (1987) approach. 

3.3.2 Assumptions Used in Interpretation 

As discussed in Section 3.2 of this appendix, the estimation of the coefficients of 

consolidation and permeability depends on several factors and parameters including 1) water 

table depths, 2) effective vertical stress, and 3) rigidity index. Therefore, the following 

assumptions were used in the dissipation tests data interpretation: 

• Water Table Depth.  The water table depth was typically estimated from stabilized 

pore pressure from dissipation tests in sand layers. Interpretation of the dissipation 

tests in the uppermost unconfined saturated sand zones and the deeper confined 

aquifers located at a depth of about 60 to 70 feet and below the regional confining 

layer of clay (information provided by HMM/Bechtel) suggest that the water table 

depth is similar in both zones for a given CPT location. At CPT locations where a 

single dissipation test was conducted in either the unconfined or confined sand 

layers, the water table depth was interpreted from that test data, and was used in the 

estimation of the consolidation and permeability parameters. At CPT locations where 

dissipation tests in sands were not conducted, the water table depth was estimated 

from nearby boring or CPT locations. 

• Effective Vertical Stress.  An effective stress profile was developed using unit 

weights of 122 pcf for clayey soil shallower than 30 feet, 128 pcf for clayey soils 

deeper than 30 feet, and 130 and 121 pcf for sands and silts respectively. These unit 
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weight values were based on a summary plot of the results of the moisture 

content/density tests conducted by Parrikh and provided to us. 

• Rigidity Index.  The rigidity index (Ir) was estimated from the dynamic shear 

modulus (G) and the undrained shear strength (Su). The dynamic shear modulus 

was estimated using correlations with the shear wave velocity data from the seismic 

cone testing and the downhole suspension logging. The undrained shear strength 

was estimated from CPT tip resistance data. The resulting estimated Ir values 

typically ranged from about 350 to 500+. For these evaluations, a value of Ir of 500 

was adopted based on 1) the typical data range, and 2) the selection of high end of 

the Ir range indicated by Houlsby and Teh (1988) results in higher estimates of ch, 

and therefore a more conservative estimate of flow quantities. 

3.4 RESULTS 

Table 2 summarizes the dissipation test interpretation results. Table 2 provides 1) the 

test location and depth, 2) the soil type, 3) the corresponding effective vertical stress, and 4) the 

interpreted static and initial pore water pressures.  The interpreted coefficients of consolidation 

and permeability were determined at CPT locations where water table depth was interpreted 

from dissipation tests in sands or from nearby borings. For dissipation tests in clays, more than 

50 percent excess pore pressure dissipation was generally achieved.  

As shown in Table 2, the coefficients of horizontal consolidation (ch) for clayey soils 

typically varied from 700 to 10,000 ft2/year with higher values observed in silty and sandy clays. 

The coefficients of horizontal permeability (kh) for clays ranged between 0.02 and 1.6 ft/year, 

with higher values generally observed in silty and sandy clays.  

These interpreted coefficients of consolidation and permeability were generally 

consistent with vertical coefficient of consolidation and permeability values obtained from the 

Constant Rate of Strain (CRS) consolidation tests and typically ranging from about 150 to 3600 

ft2/year. CRS consolidation tests measure the vertical coefficients of consolidation and 

permeability, which are typically two to five times lower than the values measured in the 

horizontal direction (based on Fugro’s past experience with projects in the Bay Area).  Refer to 

Appendix 12 (CRS Tests) for detailed discussion of the coefficients of consolidation and 

permeability obtained from CRS tests. 

As discussed above, the interpreted coefficients of consolidation and permeability from 

dissipation tests in clays should only be used as a guideline and are subject to several 

limitations and assumptions. Therefore, judgment should be applied when using the interpreted 

ch and k values in analyses and design. 

4.0 LIMITATIONS 

Our services consist of subsurface field explorations and data evaluations that are made 

in accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 
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The data provided in this appendix is based on the subsurface explorations conducted 

for this study. These explorations indicate subsurface conditions only at specific locations and 

times, and only to the depths penetrated.  Variations may exist and conditions not observed or 

described in this report could be encountered during construction.  Our results are based on our 

standard practices and specific data obtained.   

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 

in this appendix are modified or verified in writing. Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 

of information supplied by others, nor accept consequences for unconsulted use of segregated 

portions of this report. 
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HMM/Bechtel
Project No. 1637.001

Test Date: 27-Jan Pore Pressure u2 at start: 0.33 tsf
Soil Type: Clay Pore Pressure u2 at end: 0.66 tsf
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CPT-4, Depth: 20.1 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-2a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 27-Jan Pore Pressure u2 at start: 0.57 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.05 tsf
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HMM/Bechtel
Project No. 1637.001

Test Date: 27-Jan Pore Pressure u2 at start: -0.90 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.36 tsf
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HMM/Bechtel
Project No. 1637.001

Test Date: 15-Dec Pore Pressure u2 at start: 3.53 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.15 tsf
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HMM/Bechtel

Project No. 1637.001

Test Date: 7-Dec Pore Pressure u2 at start: 2.01 tsf

Soil Type: Clay Pore Pressure u2 at end: 1.46 tsf
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HMM/Bechtel
Project No. 1637.001

Test Date: 7-Dec Pore Pressure u2 at start: 1.67 tsf
Soil Type: sand Pore Pressure u2 at end: 2.01 tsf
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HMM/Bechtel
Project No. 1637.001

Test Date: 10-Dec Pore Pressure u2 at start: 11.22 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.43 tsf
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HMM/Bechtel
Project No. 1637.001

Test Date: 10-Dec Pore Pressure u2 at start: 2.49 tsf
Soil Type: Silt to Clay Pore Pressure u2 at end: 2.25 tsf

2.2

2.25

2.3

2.35

2.4

2.45

2.5

2.55

2.6

0 5 10 15 20 25 30 35 40 45
Time (minutes)

P
or

e 
P

re
ss

ur
e 

u 2
 (t

sf
)

DISSIPATION TEST
CPT-18, Depth: 107 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-5b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 3-Dec Pore Pressure u2 at start: 3.53 tsf
Soil Type: Clay Pore Pressure u2 at end: 0.76 tsf

0

0.5

1

1.5

2

2.5

3

3.5

4

0 10 20 30 40 50 60

Time (minutes)

P
or

e 
P

re
ss

ur
e 

u 2
 (t

sf
)

DISSIPATION TEST
CPT-27, Depth: 50.7 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-6a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 3-Dec Pore Pressure u2 at start: 3.79 tsf
Soil Type: Sand Pore Pressure u2 at end: 3.84 tsf
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Test data not considered representative of soil 
behaviour, likley due to plugged porus stone 
from fine-grained soil.

DISSIPATION TEST
CPT-27, Depth: 67.0 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-6b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 3-Dec Pore Pressure u2 at start: 2.43 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.31 tsf
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DISSIPATION TEST
CPT-27, Depth: 99.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-6c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 22-Dec Pore Pressure u2 at start: 1.52 tsf
Soil Type: Clay Pore Pressure u2 at end: 4.16 tsf
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DISSIPATION TEST
CPT-35, Depth: 50.3 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-7a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 22-Dec Pore Pressure u2 at start: -0.20 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.27 tsf
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DISSIPATION TEST
CPT-35, Depth: 58.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-7b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 22-Dec Pore Pressure u2 at start: 1.62 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.10 tsf
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DISSIPATION TEST
CPT-35, Depth: 84.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-7c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 22-Dec Pore Pressure u2 at start: 2.53 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.36 tsf
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DISSIPATION TEST
CPT-35, Depth: 94.1 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-7d

 



HMM/Bechtel
Project No. 1637.001

Test Date: 18-Oct Pore Pressure u2 at start: 0.10 tsf
Soil Type: Clay Pore Pressure u2 at end: 0.34 tsf
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DISSIPATION TEST
CPT-44, Depth: 25.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-8a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 18-Oct Pore Pressure u2 at start: 0.71 tsf
Soil Type: Sand Pore Pressure u2 at end: 0.65 tsf
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DISSIPATION TEST
CPT-44, Depth: 45.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-8b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 18-Oct Pore Pressure u2 at start: 0.45 tsf
Soil Type: Sand Pore Pressure u2 at end: 0.77 tsf
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DISSIPATION TEST
CPT-44, Depth: 48.4 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-8c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 23-Feb Pore Pressure u2 at start: 0.44 tsf
Soil Type: Sand 0.52 tsfPore Pressure u2 at end:
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DISSIPATION TEST
CPT-55, Depth: 36.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-9a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 23-Feb Pore Pressure u2 at start: 1.24 tsf
Soil Type: Sand 1.27 tsfPore Pressure u2 at end:
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DISSIPATION TEST
CPT-55, Depth: 60.6 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-9b
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Project No. 1637.001

Test Date: 23-Feb Pore Pressure u2 at start: 4.50 tsf
Soil Type: Clay 1.67 tsfPore Pressure u2 at end:
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DISSIPATION TEST
CPT-55A, Depth: 71.5 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-10a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 23-Feb Pore Pressure u2 at start: 0.72 tsf
Soil Type: Clay 2.12 tsfPore Pressure u2 at end:
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DISSIPATION TEST
CPT-55A, Depth: 86.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-10b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 20-Jan Pore Pressure u2 at start: 4.17 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.23 tsf
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DISSIPATION TEST
CPT-68, Depth: 54.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-11a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 20-Jan Pore Pressure u2 at start: 0.13 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.48 tsf
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DISSIPATION TEST
CPT-68, Depth: 63.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-11b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 20-Jan Pore Pressure u2 at start: -0.27 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.17 tsf
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DISSIPATION TEST
CPT-68, Depth: 85.5 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-11c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 20-Jan Pore Pressure u2 at start: 1.86 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.27 tsf
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DISSIPATION TEST
CPT-68, Depth: 88.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-11d

 



HMM/Bechtel
Project No. 1637.001

Test Date: 5-Jan Pore Pressure u2 at start: 5.21 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.67 tsf
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DISSIPATION TEST
CPT-79, Depth: 52.15 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-12a
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Test Date: 5-Jan Pore Pressure u2 at start: -0.18 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.64 tsf
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DISSIPATION TEST
CPT-79, Depth: 73.73 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-12b

 



HMM/Bechtel
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Test Date: 5-Jan Pore Pressure u2 at start: 9.92 tsf
Soil Type: Clayey Silts and Silty Clays Pore Pressure u2 at end: 1.95 tsf
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DISSIPATION TEST
CPT-79, Depth: 78.00 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-12c

 



HMM/Bechtel
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Test Date: 5-Jan Pore Pressure u2 at start: 5.69 tsf
Soil Type: Sands Pore Pressure u2 at end: 2.46 tsf
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DISSIPATION TEST
CPT-79, Depth: 100.04 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-12d

 



HMM/Bechtel
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Test Date: 10-Jan Pore Pressure u2 at start: 0.01 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.36 tsf
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DISSIPATION TEST
CPT-84, Depth: 58.8 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-13a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 10-Jan Pore Pressure u2 at start: 4.53 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.03 tsf
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DISSIPATION TEST
CPT-84, Depth: 82.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-13b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 10-Jan Pore Pressure u2 at start: 0.28 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.29 tsf
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DISSIPATION TEST
CPT-84, Depth: 91.8 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-13c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 10-Jan Pore Pressure u2 at start: 8.17 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.48 tsf
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DISSIPATION TEST
CPT-84, Depth: 98.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-13d

 



HMM/Bechtel
Project No. 1637.001

Test Date: 19-Apr Pore Pressure u2 at start: 0.48 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.00 tsf
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DISSIPATION TEST
CPT-93, Depth: 20.0 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-14a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 19-Apr Pore Pressure u2 at start: -0.03 tsf
Soil Type: Sand Pore Pressure u2 at end: 0.64 tsf
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DISSIPATION TEST
CPT-93, Depth: 31.9 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-14b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 19-Apr Pore Pressure u2 at start: 1.41 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.24 tsf
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DISSIPATION TEST
CPT-93, Depth: 47.2 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-14c
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Test Date: 20-Apr Pore Pressure u2 at start: -0.43 tsf
Soil Type: Clayey, silt and silty clay Pore Pressure u2 at end: 0.60 tsf
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DISSIPATION TEST
CPT-95, Depth: 29.6 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-15a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 20-Apr Pore Pressure u2 at start: 1.89 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.88 tsf
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DISSIPATION TEST
CPT-95, Depth: 64.0 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-15b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 20-Apr Pore Pressure u2 at start: 2.15 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.15 tsf
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DISSIPATION TEST
CPT-95, Depth: 74.7 feet

Tunnel Segment of SVRT Project
Sam Jose, California FIGURE A11-15c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 25-Oct Pore Pressure u2 at start: 1.37 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.22 tsf
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DISSIPATION TEST
CPT-96, Depth: 55.0 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-16a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 25-Oct Pore Pressure u2 at start: -0.14 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.38 tsf

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 5 10 15 20 25 30
Time (minutes)

P
or

e 
P

re
ss

ur
e 

u 2
 (t

sf
)

DISSIPATION TEST
CPT-96, Depth: 60.7 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-16b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 2-Nov Pore Pressure u2 at start: -0.49 tsf
Soil Type: Sand Pore Pressure u2 at end: 0.41 tsf
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DISSIPATION TEST
CPT-98, Depth: 30.8 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-17a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 2-Nov Pore Pressure u2 at start: 0.70 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.10 tsf
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DISSIPATION TEST
CPT-98, Depth: 80.0 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-17b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 2-Nov Pore Pressure u2 at start: 9.65 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.78 tsf
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DISSIPATION TEST
CPT-98, Depth: 100.5 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-17c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 25-Oct Pore Pressure u2 at start: 0.84 tsf
Soil Type: Clay Pore Pressure u2 at end: 0.26 tsf
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DISSIPATION TEST
CPT-102, Depth: 25.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-18a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 20-Oct Pore Pressure u2 at start: 1.71 tsf
Soil Type: Clay Pore Pressure u2 at end: 0.49 tsf
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DISSIPATION TEST
CPT-103, Depth: 29.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-19a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 20-Oct Pore Pressure u2 at start: -0.57 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.83 tsf
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DISSIPATION TEST
CPT-103, Depth 72.8 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-19b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 14-Dec Pore Pressure u2 at start: 3.48 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.56 tsf
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DISSIPATION TEST
CPT-112, Depth: 40.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-20a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 14-Dec Pore Pressure u2 at start: -0.02 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.61 tsf
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DISSIPATION TEST
CPT-112, Depth: 98.4 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-20b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 8-Feb Pore Pressure u2 at start: 0.14 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.95 tsf
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DISSIPATION TEST
CPT-120, Depth: 39 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-21a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 8-Feb Pore Pressure u2 at start: -0.81 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.17 tsf
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DISSIPATION TEST
CPT-120, Depth: 84.7 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-21b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 8-Feb Pore Pressure u2 at start: 1.51 tsf
Soil Type: Clay Pore Pressure u2 at end: 7.30 tsf
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DISSIPATION TEST
CPT-120, Depth: 89.7 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-21c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 8-Feb Pore Pressure u2 at start: 1.68 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.77 tsf
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DISSIPATION TEST
CPT-120, Depth: 104.8 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-21d

 



HMM/Bechtel
Project No. 1637.001

Test Date: 27-Oct Pore Pressure u2 at start: 2.65 tsf
Soil Type: Silt to clay Pore Pressure u2 at end: 0.40 tsf
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DISSIPATION TEST
CPT-133, Depth: 26.4 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-22a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 27-Oct Pore Pressure u2 at start: -0.08 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.11 tsf
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DISSIPATION TEST
CPT-133, Depth: 79.0 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-22b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 18-Nov Pore Pressure u2 at start: 6.72 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.28 tsf
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DISSIPATION TEST
CPT-134a, Depth: 74.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-23a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 18-Nov Pore Pressure u2 at start: 10.82 tsf
Soil Type: Clay Pore Pressure u2 at end: 3.89 tsf
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DISSIPATION TEST
CPT-134a, Depth: 105.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-23b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 8-Oct Pore Pressure u2 at start: -0.66 tsf
Soil Type: Sand Pore Pressure u2 at end: 0.28 tsf
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DISSIPATION TEST
CPT-137, Depth: 32.7 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-24a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 8-Oct Pore Pressure u2 at start: -0.53 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.88 tsf
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DISSIPATION TEST
CPT-137, Depth: 84.6 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-24b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 8-Oct Pore Pressure u2 at start: -0.33 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.98 tsf
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DISSIPATION TEST
CPT-137, Depth: 119.7 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-24c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 6-Nov Pore Pressure u2 at start: 0.07 tsf
Soil Type: Clay Pore Pressure u2 at end: 0.77 tsf
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DISSIPATION TEST
CPT-140, Depth: 52.8 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-25a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 6-Nov Pore Pressure u2 at start: 6.52 tsf
Soil Type: Clay Pore Pressure u2 at end: 2.47 tsf
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DISSIPATION TEST
CPT-140, Depth: 109.3 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-25b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 7-Oct Pore Pressure u2 at start: -0.77 tsf
Soil Type: Sand Pore Pressure u2 at end: 0.11 tsf
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DISSIPATION TEST
CPT-143, Depth: 32.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-26a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 7-Oct Pore Pressure u2 at start: 0.87 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.54 tsf
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DISSIPATION TEST
CPT-143, Depth: 74.3 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-26b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 7-Oct Pore Pressure u2 at start: 0.16 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.87 tsf
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DISSIPATION TEST
CPT-143, Depth: 85.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-26c

 



HMM/Bechtel
Project No. 1637.001

Test Date: 7-Oct Pore Pressure u2 at start: -0.62 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.60 tsf
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DISSIPATION TEST
CPT-143, Depth: 111.5 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-26d

 



HMM/Bechtel
Project No. 1637.001

Test Date: 1-Dec Pore Pressure u2 at start: -0.07 tsf
Soil Type: Clay Pore Pressure u2 at end: 0.44 tsf
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DISSIPATION TEST
CPT-146, Depth: 20.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-27a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 1-Dec Pore Pressure u2 at start: 1.58 tsf
Soil Type: Clay Pore Pressure u2 at end: 0.67 tsf
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DISSIPATION TEST
CPT-146, Depth: 35.5 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-27b

 



HMM/Bechtel
Project No. 1637.001

Test Date: 1-Dec Pore Pressure u2 at start: -0.09 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.74 tsf
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DISSIPATION TEST
CPT-146, Depth: 79.2 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-27c
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Test Date: 7-Feb Pore Pressure u2 at start: 2.05 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.17 tsf
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DISSIPATION TEST
CPT-153, Depth: 28.6 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-28a

 



HMM/Bechtel
Project No. 1637.001

Test Date: 7-Feb Pore Pressure u2 at start: -0.80 tsf
Soil Type: Sand Pore Pressure u2 at end: 1.47 tsf
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DISSIPATION TEST
CPT-153, Depth: 69.1 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-28b

 



HMM/Bechtel
Project No. 1637.001

h
Test Date: 7-Feb Pore Pressure u2 at start: -0.49 tsf
Soil Type: Clay Pore Pressure u2 at end: 1.90 tsf
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DISSIPATION TEST
CPT-153, Depth: 86.9 feet

Tunnel Segment of SVRT Project 
San Jose, California FIGURE A11-28c
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Project No. 1637.001

Test Date: 7-Feb Pore Pressure u2 at start: -0.65 tsf
Soil Type: Sand Pore Pressure u2 at end: 2.29 tsf
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DISSIPATION TEST
CPT-153, Depth: 100.83 feet

Tunnel Segment of SVRT Project
San Jose, California FIGURE A11-28d

 


